Mechanism-based fragmentation of coenzyme A transferase. Comparison of alpha 2-macroglobulin and coenzyme A transferase thiol ester reactions.
The plasma proteins, alpha 2-macroglobulin and complement components 3 and 4, contain an internal thiol ester involving a glutamyl and cysteinyl residue. The thiol ester is susceptible to cyclization at greater than 37 degrees C and forms an unstable 5-oxyproline intermediate. The latter can be hydrolyzed to produce two peptide fragments. We propose that enzymes having activated glutamyl residues as part of their catalytic mechanisms may undergo an analogous cyclization and peptidyl cleavage. As a model, we have investigated pig heart succinyl-CoA:3-keto acid transferase. When the CoA-enzyme thiolester intermediate is heated at pH 7.4 and 70 degrees C for 1 h, approximately 60% of the Mr = 60,000 subunits are cleaved to give Mr = 40,000 and 20,000 fragments. We have shown that formation of the enzyme thiolester is an obligate precursor for the protein fragmentation. However, the reaction was incomplete with a maximum of approximately 65% cleavage at times greater than 60 min. These results suggest that there is a competing, deactivation reaction; namely, the thiol ester and oxyproline intermediates are hydrolyzed to regenerate the active site glutamic acid. Although the maximum rate of cleavage is at 70 degrees C, approximately 15% autolysis also occurs at 37 degrees C. The Mr = 40,000 fragment had the same amino terminal sequence as the Mr = 60,000 subunit, (Trp-Lys-Phe-Tyr-Thr-Asp-Ala-Val-Glu-Ala-). No amino terminal could be detected for the Mr = 20,000 fragment, even after digesting the fragment with pyroglutaminase. Peptide maps of the fragments and the uncleaved subunit indicate that the fragments are generated in parallel. The size of the fragments puts the active site about two-thirds of the way from the amino terminal of the protein.